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Abstract
The new gauge boson Z ′ predicted by the strong top dynamical symmetry
breaking models has significant contributions to the lepton flavor changing process
µ −→ 3e. We consider the bound on the mass of the new gauge boson Z ′ from
the experimental value of the branching ratio Br(µ −→ 3e) in the framework of
topcolor assisted technicolor models. We find that the precision experimental value
of Br(µ −→ 3e) gives a severe bound on the Z ′ mass MZ′ . For k1 ≤ 1, MZ′ must
be larger than 1.64 TeV .
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The generation of a large fermion mass such as mt = 175 GeV is a difficult problem in
the theories of dynamical electroweak symmetry (EWS) breaking. Technicolor (TC) [1]
with an extended technicolor (ETC) [2] can naturally break the EWS to give rise to the
weak gauge boson masses and also generate the masses of ordinary quarks and leptons.
However, ETC models can not explain the top quark’s large mass without running afoul
of the experimental constraints from the parameter T and the Z −→ bb branching ratio
Rb [3]. Top quark condensation models [4] try to identify all of the EWS breaking with the
formation of a dynamical top quark mass, but this requires a very large scale Λ ∼ 1015GeV
for the new dynamics and significant fine tuning.
The large mass of the top quark suggests that it may play a special role in the dynamics
of the EWS breaking and flavor symmetry breaking. The topcolor assisted technicolor
(TC2) models [5], the top see-saw models [6] and the flavor universal coloron models
[7] are three of such examples. These models predict the existence of colored gauge
bosons (topgluons, colorons), color-singlet gauge boson (Z ′), Pseudo Goldstone bosons
(technipions and top-pions), and heavy fermions. These new particles can be seen as
characteristics of these models. Studying the effects of these new particles in various
process will be of particular interest.
The new strong or flavor interactions may exist at relatively low scales and may play an
integral part in either EWS breaking or fermion mass generation. Thus, it is interesting to
study current experimental bounds on the mass of the corresponding gauge bosons. Ref.[8]
gives the limits on the mass of the new gauge bosons Z ′ via studying its corrections to
the precisely measured electroweak quantities at LEP and its effects on bijet production
and single top production at Tevatron. In this letter, we will discuss the bounds on the
mass of the new gauge boson Z ′ from the lepton flavor changing process µ −→ 3e in
the framework of TC2 models. Our results show that the precision experimental value of
Br(µ −→ 3e) gives a severe bound on the Z
′ mass MZ′ . For the parameter k1 ≤ 1, MZ′
must be larger than the 1.64 TeV . This is consistent with the limit obtained in Ref.[8].
In the standard model (SM), because of the strong GIM suppression, the tree-level
flavor changing neutral currents are absent. Lepton flavor changing processes are strongly
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suppressed by powers of small neutrino masses. This opens the possibility of using the
corresponding flavor changing process to probe new physics, whose effects may include
appreciable violation of neutral flavor conservation already probed by present high energy
colliders. The underlying interactions in the strong top dynamical symmetry breaking
models (such as TC2 models and top see-saw models) are non-universal and therefore
do not possess a GIM mechanism. This is an essential feature of this kind of models
due to the need to single out the top quark for condensation. When the non-universal
interactions are written in the mass eigenstates, it may lead to the flavor change coupling
vertices of the new gauge bosons, such as Z ′tc, Z ′µe, Z ′µτ . Thus, the new gauge boson Z ′
may have significant contributions to some lepton flavor changing processes. The lepton
flavor changing processes may have severe bound on the mass MZ′ of the Z
′. Thus, we
can give the bound on the mass MZ′ of the Z
′ via discussing its contributions to these
lepton flavor changing processes.
At present, the branching ratios of the lepton flavor changing µ decay processes, such
as µ → 3e, µ → eγ and µ → eγγ, have been measured precisely. There are severe
bounds on these decay processes, i.e. Br(µ → 3e) ≤ 10−12, Br(µ → eγ) ≤ 4.9 × 10−11,
Br(µ → eγγ) ≤ 10−10[9]. The Z ′ have no contributions to the processes µ → eγ and
µ → eγγ, the experimental value of the branching ratios can not give any bound on the
MZ′ . The new gauge boson Z
′ have contributions to the lepton flavor changing τ decay
processes, such as τ → 3e, τ → eµµ, etc. Compared to the process µ→ 3e, however, the
experimental bounds on these processes are weaker. The branching ratios are of order
10−6[9]. Thus, in this paper, we will concentrate on the bound on theMZ′ from the lepton
flavor changing process µ→ 3e.
In TC2 models, the ETC interactions have contributions to all quark and lepton
masses, while the mass of the top quark is mainly generated by the topcolor interactions,
and EWSB is driven by technicolor or a Higgs sector. To maintain electroweak symmetry
between top and bottom quarks and yet not generate mb ≃ mt, the topcolor gauge group
is usually taken to be a strongly coupled SU(3)⊗U(1). The U(1) provides the difference
that causes only top quarks to condense. At the Λ ∼ 1TeV , the dynamics of a general
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TC2 model involves the following structure [5, 10]:
SU(3)1 ⊗ SU(3)2 ⊗ U(1)y1 ⊗ U(1)y2 × SU(2)L −→ SU(3)QCD ⊗ U(1)EM (1)
where SU(3)1⊗U(1)y1 (SU(3)2⊗U(1)y2) generally couples preferentially to the third (first
and second ) generations. The U(1)yi are just strongly rescaled versions of electroweak
U(1)y. This breaking scenario gives rise to the topcolor gauge bosons including the color-
octet coloron BAµ and color-singlet extra U(1) gauge boson Z
′. The coupling of the new
gauge boson Z ′ and BAµ to ordinary fermions can be written as :
LZ′ = g1cotθ
′Z ′ · JZ′, LB = g3cotθB
A · JAB (2)
where g3(g1) is the QCD(U(1)y) coupling constant at the scale ΛTC , θ and θ
′ are the
mixing angles. To obtain the top quark direction for condensation, we have cotθ ≫ 1 and
cotθ′ ≫ 1. Integrating out the heavy bosons Z ′ and BAµ , the couplings (Eq.(2)) give the
effective low energy four fermion interactions, which can be written as :
Leff,Z′ = −
2pik1
M2Z′
JZ′ · JZ′, Leff,B = −
2pik
M2B
JAB · J
A
B (3)
where MZ′ and MB are the masses of the new gauge boson Z
′ and BAµ , respectively. k1
and k are coupling constants which can be written as k1 = g
2
1
cot2θ′/4pi, k = g2
3
cot2θ/4pi.
In general, the currents JZ′ and JB involve all three generations of fermions:
J ′Z = JZ′,1 + JZ′,2 + JZ′,3, JB = JB,1 + JB,2 + JB,3 (4)
For the first and second generations, the currents are (in weak eigenbasis):
JµZ′,1 = − tan
2 θ′
(
1
6
uLγ
µuL +
1
6
dLγµdL +
2
3
uRγ
µuR (5)
−
1
3
dRγ
µdR −
1
2
eLγ
µeL −
1
2
νeLγ
µνeL − eRγ
µeR )
JµZ′,2 = − tan
2 θ′
(
1
6
cLγ
µcL +
1
6
sLγ
µsL +
2
3
cRγ
µcR (6)
−
1
3
sRγ
µsR −
1
2
µLγ
µµL −
1
2
νµLγ
µνµL − µRγ
µµR )
4
JµB,1 = − tan
2 θ(uγµ
λA
2
u+ dγµ
λA
2
d) (7)
JµB,2 = − tan
2 θ(cγµ
λA
2
c+ sγµ
λA
2
s) (8)
where λA is a Gell-Man matrix acting on color indices. From Eq.(7) and Eq.(8), we can
see that the gauge bosons BAµ have no contributions to the lepton flavor changing process
µ −→ 3e. The precision experimental value of Br(µ −→ 3e) can not give any bound on
the mass MB of the color-octet coloron B
A
µ .
For TC2 models, the underlying interactions, topcolor interactions, are non-universal
and therefore do not possess a GIM mechanism. When the non-universal interactions are
written in the mass eigenstates, it results in the flavor changing coupling vertices. After
rotation to the mass eigenstates, Eq.(3) generates four fermion interactions leading to the
flavor changing coupling vertices. For the lepton flavor changing process µ −→ 3e, the
relative effective Lagrangian can be written as:
L′eff =
pik1 tan
4 θ′
2M2Z′
[kL(µLγ
µeL)(eLγµeL) + 2kR(µRγ
µeR)(eRγµeR)] (9)
where kL and kR are the flavor mixing factors. In the following estimation, we will assume
|kL| = |kR| ≃ λ [10, 11], which λ is the Wolfenstein parameter[12].
Comparing the contributions of the gauge boson Z ′ to the process µ −→ 3e to that
of ordinary muon decay µ −→ eνν, which proceeds via the electroweak gauge boson W
exchange, gives the branching ratio Br(µ −→ 3e) arising from the Z ′ exchange:
Br(µ −→ 3e) =
Γ(µ −→ 3e)
Γ(µ −→ eνν)
=
5α2eS
4
WM
4
W
64C8Wk
2
1M
4
Z′
A (10)
with A = k2L + 4k
2
R, SW = sin θW and CW = cos θW , which θW is the weinberg angle, αe
is the electromagnetic coupling constant. In our estimation, we will take λ = 0.22, αe =
1/128.9, MW = 80.41 GeV [13]. Using the experimental value Br(µ −→ 3e) ≤ 10
−12, we
can give the bound on the mass MZ′ from Eq.(10). Our results are presented in Fig1.
From Fig1, we can see that the lower bound on the mass MZ′ increases with decreasing
the value of k1. Considering the requirement of vacuum tilting and the constraints from
Z-pole physics and U(1) triviality, there is the region of coupling constant parameter
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space which is k ≃ 2, k1 ≤ 1 for TC2 models [10, 14]. If we take k1 = 0.2, then we have
MZ′ ≥ 3.68 TeV .
From Eq.(10), we can see that the bound onMZ′ is sensitive to the values of the flavor
mixing factors. To see the effect of the flavor mixing factors on the bound, we plot bound
on the mass MZ′ as a function of the parameter λ in Fig2 for k1 = 1. From Fig2, we can
see that the lower bound on the mass MZ′ increases with increasing the value of λ. For
λ ≥ 0.21, there must be MZ′ ≥ 1.6TeV .
In this paper, we have discussed the bound on the mass MZ′ of the new gauge boson
Z ′ from the experimental value of the branching ratio Br(µ → 3e) in the framework of
TC2 models. Our results shows that the precision experimental value of Br(µ → 3e)
gives a stringent bound on MZ′ . The mass MZ′ must be larger than 1.64TeV for k1 ≤ 1.0
and λ = 0.22.
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Figure Captions
Fig.1: The lower bound on the mass MZ′ as a function of the parameter k1. The hori-
zontal line is the bound on the parameter k1.
Fig.2: The lower bound on the mass MZ′ as a function of the parameter |kL| = |kR| = λ
for k1 = 1.
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